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Abstract Review History

Back-to-back mechanically stabilized earth walls (BBMSEWS) are important derivative Received: Jul 14, 2025
structures that are widely used for roadway ramps and bridge approaches. This type of MSE wall  Revised: Sep 29, 2025
is typically used for railway embankments and consists of two opposing reinforced masses in a Accepted: Dec 10, 2025
back-to-back configuration. The behavior of the BBMSEWSs is significantly dependent on the

horizontal distance between the opposing reinforced masses and reinforcement arrangement. Keywords

Despite this dependence and the use of different types and arrangements of reinforcements in Back-to-back MSE walls
back-to-back MSE walls, the combined effect of these two factors on the performance of Railway embankments
BBMSEWS, especially those used to support the railway tracks, remains unknown. Therfore, an  Geosynthetics

extensive experimental and numerical investigation on 12 small-scale BBMSEW physical ppysical modeling
models reinforced by metal-strips and geogrid and 12 numerical ones reinforced by polymer
strips and geotextile to assess the effect of reinforcement type, overlap length of the
reinforcements and the position of the continuous reinforcements on the behavior of back-to-back
MSE walls supporting railway tracks. Six reinforcement arrangements were chosen for
reinforcing the wall models. The position of the continuous reinforcements was changed in the
first three arrangements to evaluate the effect of connecting the two opposing walls at different
points and overlap lengths of 0, 0.3H and 0.6H were used in the last three arrangements to assess
the influence of the overlapping reinforcement length. The findings indicated that the
reinforcement stiffness played a more prominent role in improving the bearing capacity than the
pull-out capacity. It was found that, although the use of extensible reinforcements
increased the facing deformation and decreased the sleeper bearing capacity, it played an
influential role in reducing the force mobilized in the reinforcements. The connection of two
opposing walls with continuous reinforcements and the complete separation of them from each
other were found to be the best and worst reinforcement arrangements. respectively, for
improving the bearing capacity and reducing wall deformation in BBMSEWSs. The respective use
of these two arrangements mobilized the maximum and minimum forces in the reinforcements.
Moreover, the creation of a proper connection between the opposing walls using continuous
inextensible reinforcements or those with a sufficient overlap lengths were found to be efficient
solutions to preventing the propagation of a failure plane across the back-to-back MSE walls.

Numerical modeling
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Fig. 1. Actual image and schematic view of a back-to-back
reinforced MSE wall as railway embankments
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Fig. 2. The division of back-to-back MSE walls: (a) independent

walls; (b) dependent walls without the overlap length of
reinforcements (Lo); (c) dependent walls with Lo
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Table 1. Similitude rules [15]

Scaling factor

Description Parameter (Prototype/Model)
Length (m) L N
Unit weight (kN/m?) P 1
Stress (kN/m?) o N
Soil starin (-) € N
Soil stiffness (kN/m?) E, N¢
Reinforcement starin (-) & 1
Reinforcement tensile
stiffness per unit wall width J N?
(KN/m)
Pullout resistance per unit p N
wall width (KN/m/m) R
Flaxtural resistance per unit NG

width (kN.m/m)

S slede 53 eslial 3y 50 Sbt Slasite Y Jgd

Table 2. Properties of soil used in physical models

oy Ve S e
Max. void ratio, [-]  0.786 Cohesion, [kPa] 4
Min. void ratio, [-]  0.571 Peak friction angle, [°] 44-47
Specific gravity [-]  2.66 Ulti. friction angle, [°] 38-41

Cu, [] 2.655 Dilation angle, [°] 8-9
Ce, [] 1.147  Secant modulus [MPa] 2515
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Table 3. Properties of reinforcement element at model Scale

Index properties Metal strip Geogrid
. Phosphor Polypro
Material Bronze pylene
Thickness [mm] 0.4 0.90
Longitudinal and transverse rib
width, by, b, [mm] 50 0.90,0.6
Longitudinal and transverse 75x75
opening size, 5% s, [mm]
Elongation at ultimate tensile
load, &, [%] 0.46 6.28
Secant tensile stiffness per unit
wall width at &, J [KN/m] 356.8 19.56
Pullout resistance under, Pg 0.93 14.75

[KN/m/m]

gbed SOl ol jan 4 oo s 4 5l g slas ¥ S
Fig. 4. Reduced scale cruciform concrete panels with
reinforcement elements
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.6m = 0.5H —|
Models 1,7,13,19 Models 2,8,14,20
g
=] 7
ﬁ Reinforced mass Relnfnrcement\
Subsoil 0.15m ] Embedment depth
H = 0.5H —|
Models 3,9,15,21 Models 4,10,16,22
/| ]
T e
Cruciform concrete panel: 7
N =
0.04m
-
'\ 1 ~ile
Leveling pad
——0.65H——>| e 0.8 ———|
Models 5,11,17,23 Model 6,12,18,24
=
Rem——] J—————
0.3H Overlap length = 0.6H
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Fig. 5. Arrangement of reinforcement elements in different
models

Sses sladie 53 e Glglall il 51 sl £ K8
Fig. 6. Placement of reinforcement in wall models

oY



6533 030 (uwgd Ul 3 dumo

...Lg&).b,h:’)hqobk«g%Q%éudlé&b)lxbb)ih:w)g

e (Lo sl b ¢ (K58 sladibe il b A o 3O ¢l 533
Wl o ools =50 55 (S5 5 sladde 534S boles o5l Jube
3333 =26 5 55 505 ) e s G0 sl 8 ol 8l
sy Sl 5 sladlell i m Sl ey A e S R
o S QY sl sl s Sl s sl el b de
S35 s LA sy ol s 5 in S VO sl
Sl s ol 5 lasS s b (gslde (gl ds sLel o
ol jo e s S VA phast e by Sl Yl
Sl 53 S slaoldl gl o sl sy ol el S
dolrs 5 slaoladl s Jlail 5 g ol (5,8 o3Il S5d
Jslrs 5 lgledl o dlasl e 5 SouG @ 455 aoledl
Jlail &) a5 a0 Ol B8 b sy i3, sl
o AT (3,8 3 sl i Je Sl JUl 5 nde
S Ol ol eslinal S s e QLI 5 a0kl 5 S
@ Jate SLE 4t 5o K03 5l 5 5 Olall 4 s K )
Ol Sl 4513 4 g 30 o S 3l o3l L 1y 2S5
asly e 53 bl sy cpl el e (3l and S e el
L;,u;,. Gl opmen [2,3, 18] Wi a5 Sl 55 Skt SISass|
Oty L S35 Olall 51 Olsjen 5oy el s sLaOloll
aSST s e i ealiad S e rla o Ol 5 Szt g2l
sladds olail sss sl 4 S 55 L el ke é;«ﬁ sl
L sla 55 5 adsl oot sladde 53 Ly s sl (g0
SLS VYO S Caglie 5 ey e shS VAOF IS
Sl s sladace s ol Wlie) Lt il e 55
o DLl Sl ol (el oy w3l 550 1 5 555
SLaddis JLs,y a8 as Ol st 5w b sl S 4 S 20
S5 S A U o Sl a2 ST sladite s (5300
e S a iy SKol 4l (o A 29 4l opl ol
Flae w8 Gl 5 emelS g0 S sV ke 5 S
PECH L H S 5 Y W O e g O [ K P i P
Slr bl o S5 sladis o eslaul 550 St (555 (g e
ot Gilas oode Gladie o S5 i 00 sl 5L 555
Odmny B gy ol ST L gnde Jde 6 crl s a0 ()

23l asls Jbe oSS 5 e /7 Cw)“'f

oY

o SVl Y SO Tl cslas 18 el g a8l el S L
¢J)_]¢ S Lgl_a:)\)l e |J_>.-‘ JJL@.:.I..L« VO Cwls
00 ol a5 peilw VO 5 YO VY Cule 5 5 5 <

ASOJJ% Lgl.ih)‘}.; U‘il MLi‘ o:\b)‘}—e CMAYL: Aiy(_gj)jiam:b
Solsn S Jedsn o3 4 Kos 315 s Sl ol
J@ﬁ)&jl}%ﬁu\awb}ﬁhu&fdswdjkp
Gk 3 5B ,L el s sy ol b Bl & Ll
B 53 OF s 5 ot Lo & Tl 5 Lesl 5 o iy 53 0
)gau@dﬁéu)rgwjrsuj&aléudxz%
RIS ARVES J

Slme Ol 395 |ds 4l osle ol PLAXIS-2D
o5 ol 53 S gl Ll slol Ol romen 5 Sz 535
e slapldl 51 PLAXIS-2D s i el=il 4 L e
\ﬂcbﬂwob@‘“bwﬁ%\‘joﬁ\o 6\)‘545
2 e S e gl Gl SEds Slall (sls S0 0Ll &
Jwbk;a o.l::_:;: le.ww

e colu Ayl -\ ¥
sladia L alie Jal,d 5o (ode sla Lo plxil ) slats 4
23 S sladde U alie lawta b gsde gladis ( S5
Cdy slalgs kel gl s (3Ll SPLAXIS  Las
Sl 5 G20 a i S P B s e by w
S S O S S PR R IR TR DU R YATNPRVA S
aie oS 4S5 Sl 5 il sl e > S SlaelSaSS 5l sl
b Il lacons O ol s sslinal s e 55
ol Sildds ( S3d sladis aib ool s O AP
345 IS il ey A bl (el o Sl s 1 Ll
ol dds 5o i3 (a3l w555 Sl o el e a sl OLL
VO Cobies any o S crla Ul 8 (gade g5l s
Y Sl b b ot pladl 51 ey 5 o 3BT e 5L

o asy SOl sy sl 55 00 5 g 4l s L okl

! Beam



\f¢6 JLM sf O)LQJJ nY; 0)’3

23 Olyes (gwdige oole alowe

e oo — Y-V
sl s Sl S S5 L e e S sladas Sl
s S g5l a ST shte . eslizal (gode sl
Wwwmﬁsuuiuzsmﬁj@ugw
w5l glads S 55 L Jue) A e 31 ool s 355 Bl
3o 5 ST (Sl iy 03 a5 GLE 8 i 5
OY 3N O QW gladass) Ladde b gl ol &0 plaws
N e b bl (gode Jde ke b (6l dd J xS
S SS S s st b S o e 5 0Ll A ol
20l Bl plralr 5 038 15 SoeS e b e /Y
=L bl (A) IS8 53 S o il SIEREI I
S S5 63de A syled Jle 38l slral— L 5 ot

Ll

Gl 1 Sl () K3 3 0l @) slals god oy acslie
o ) Jd ol sladde b (S5 sladis sl il
Cde dl e ode Je (s 4 53 5 s (B LS
sladds s 81 obral— L 5 i )L Sk, e ool
i 8 LIS 0 Ol Sl (S5 sladle b oo
SLaolal 5 SLs sl JolS SKmadly (o)l Jutae 51 osliud
sl dy oS Sl odd o ol il (g3ue sl s T
J=B ede gldie o SLE8 b w5l Ay (Sisd e 5
3 S ety 3 ainty (B LS oS bl 1AL sdalie
Ol A Sl We Sl a5 s o ) Slme Ll
@3l e 5l sl e 5l 5l S e 5l e i
i BB Ay e 4 Sl ey AT Jae b
sl

Sl slapbrabs alie  olsl mas ol S Sl e
sladis sl mdes GLaoladl il 53 odd s 55 5
gt sladae U s s (VY 50 e QY ladae) gaue
@3de sladie s Shae o) edias DL &5 U3 el bl
(Vo) 2 s iculada 11 Q) IS 55 anslie ) LSk

Sl sl Sl gode gladds s V_,‘LB O @IS

o0

a
(@) "
A
>3 T 12
£
] + 8
g
g 1 4
%]
t - 0
200 100 0
(b) Pressure, q (kPa)
2.0
No. 8 Numerical model
< No. 8 Physical model
T 1 10
=
< .
Upper third of the wall ) 0.0
2.0
g
I + 1.0
X
< . .
Middl third of the wall
t 0.0
2.0
S
% + 1.0
<
Lower third of the wall ) 0.0
200 100 0

Pressure, q (kPa)

Aol Jite 381 bl L (05 onim )b (il 1ol pod A K3

S s gsde
Fig. 8. Relationships of: (a) pressure-settlement; (b) pressure-Ax
for No. 8 physiacal and numerical models

(b) 40

No. 7 numerical model
-------- No. 8 numerical model
----- No. 9 numerical model
= = = No. 10 numerical model

No. 7 physical model
--------- No. 8 physical model
_____ No. 9 physical model
— = = No. 10 physical model

w
S

=+ = No. 11 numerical model
— — No. 12 numerical model

— - = No. 11 physical model
— — No. 12 physical model

Connection load (N)
N
S

=
15}

Shsed (5 Y il ps s B plralr s by, (1A IS

Ol b s s 55 £33 oy C:LJ Ol 55,0
Fig. 9. (a) Normalized profiles of lateral wall movements at 12%

settlement; (b) response of connection load versus footing
settlement for 2th reinforcement layer



G593 050 (Cawsd Ol 3 Jumee e b oy bobs i Olgie 4 Caly 4 Cuidy e S5 slaslgrd 5, Shes (o) 2

Model 7 Model 8

@t sladde i =l Olall 5o (pl b i (oue sl
LSS 55 5 OA LY sladie) (6 ely aand Lol antle
(S5 sladde Al ccilzis (2lTF 5 (YF BV gladiw)
Gl 5 28 S 1 (Kol el U S gise bt b o
Bl Gl S8 o i jLid gl LB s SO e
s 3 b g 53 5 S B (Sla IS k5 s
3 Sl damd SOLSe sl il s e s el
516, 17] 3ly Je Wbl oS eslizal 5,50 LlnsSS 555

Model 9 Model 10

Model 11

sl 4l (F) Jsder 3 el sol s (g3lnsl 5JGT Loyl W EY sade gladide ) (3B 5 o558 N e JS&
Fig. 10. Vertical stress distribution in No. 7 to 12 numerical
ol models
BE ealae! 390 c\l.wfn LSLA\)L«;.” o_{u&»} L>'<JJ’35 LSL“J;“)l-i ¥ d}.&?
o g mbi -f [16, 17] e slad e

. Table 4. Properties of reinforcements in numerical models [16, 17]
Cmnd— 5L L3, V¥

. . . . Ceh . . Polymer .
oy CJMJ slaoldl gl & U e sk 4 Index properties Strip Geotextile
e L sl o 8l g s sl il Ultimate te”[s;/':]’ strength, T, 3.00 1.23
. u . . Coe s . s Secant tensile stiffness per unit
ol @8/B) cmtim )l sl gl oty iy wall width at &, J [kN/m] 400 19.56
35 4S il &Ll (1)) IS5 s gads @@L‘ﬂ llas Pullout resistance under, Pg 15.0 14.75

[KN/m/m]

ol U”“)}‘J_: uﬁ;&ngvju)w g,‘:JJ;'JBs_}Seq QT
Lo Cl_...a sladds 0-5/Bs sl o 534S j5boles
SRl R b Do w6l b B g e elis A S 55

U e 3 o (@) 2l 0k b b 45 5l b Al s 0 &

Pressure, q (kPa)
200 300 400 0 100 200 300 400

Steel strip =—

Polymerstrip =——
Geotextik ——

Geogrid =——

=

SLisl by oS Ky onl Al o S L Il 4 O

e 1Sy oy ek sl slalgs gl il sl

L_g S W4 CJ_M.A 6Lﬁ)|ﬁ> S )t_“é) oA QL.LJ (el

Wl e 5l [T] Al 5B (LIIS,5L o S 555
Sldsmer Jyb L ara g0l glasldl 00 0008 05 50 s @
L 2ol b aie g sboldl SL s a5 asl ol S
Lol e (300 gladie 53 kb, cpl il LS sen Jsb
— gl a8 i ey s OF 4 (6 ey e 5 bS5

.;,{ouw;ﬁ);@;dugw\élﬂ&SQMW

b sleslanul e Oy 42 5l e 20k Cd b 2als

Settlement, s/Bs (%)

Cilies gladde (gl o JL (sla iowie NV 805
Fig. 11. Pressure-settlement relationships for different models
L_:J_»L?u L;LA)\ﬁsdgb)jujwﬂ)lﬁ: By &Lﬂw
B e a5 bty g SaedS E  esbin PSS 55 5 ks e b g5 sladie C Lo -Y-Y
Tr Sl 55 a8 55, e Sl gyl Sl ey S 4 SOl td s LBl g2 sladie ol (s Sl o
cotla s BlaSS 55 5 eyt a0 0 S 55 Sl il

! Anubhav and Basudhar

oF



\f¢b dLﬂ sf O)LQJJ nY; 0)’3

o3 Ulyes (pwdige ool alone

)5 Wy S 55 S ol palie 53 45 555 o e S
o=l o el OLLLE 5 L0 gl b b S5l
A e S5 Gl Cpe S Ul 4 Al e g s
Syl 4 S
s DLl 15l alas gl (V) K2 3 S (6 S0 a5
Sl S b s Lol (5T Sl o s e sdalig
Sy e S 5 L edd ol sladie 45 36 cpl aS ol
s o edalin (0) Jsd= 5 (V) IS5 55 a5 5 5b0ka .l
S Sl gl Jdo o bgy o 5 5 Qu e 0 2S5 o R
ol ol il e e s leate JolS b 4 blis slalps T o
Jlasl a8 das o 0L i sdalin b3 Ol Sl 2 ol oS
S Ll JlS (3lwlaz 5wt go laoladl b blis slajlps
Sl e SO LT i s s 5 RS
aS shilan ool i 4y slasles b cd b s
Lol 5 LT 534S gladiss 55 Gy sldie o343 oo ol
s GU S aas 3 o Jlhsan Jsb b a g 8 s
033 Oleder 53 Oy [2alS .23l J2alS S 4 g el eslizd
Yoo ¥r i w885 s 5 e Lol s Gladue
Wyl)QTQ\}_?L;aAS:ﬁ:\Qé),\BQJiAKSw\ EPVER WP
ooy gl ol b b s e 6l bl Ol
Sleslitl oL (gl s b talS Ly u—eﬁ“v—m’
SalS s sdaline 50 s Sl e 3 sl slglll
R S SR RTS S PO A VPR S S E PRV Oleder 52
53 0l adalie Olsos i by 5 48 3 A3 VY 5 0A i 5
e Ol il o S s a5l OLI (51l sls Jte
Sl iy 4y laslas 53 B s saoldl 3 s
!l Gl s GlaOldl 31 2t 5k o b s s
23 sl 4 Soos mdes Gleledl e Rl 4 Ol S s L)
SLx s g ad b g 6l n 5l sy il JLS Gl
R PO I I ] P g PRGN = U P PG P RS
0348 35 (550 4SS Sl gen Usb 4 O & S 6l 5L
sy o Somals ol e S gl sdalin ladde sl
LYY IS 55 (Lo) Sl smen Jsb blis 53 Qy & ot

) 0

oV

Jsb o ai gy mls Slaolal 5l as ey S 550 el
(Sl 0 B L Ll 53 Lalps 58 eslind iy LS s
gl 5 03 Olodor 3 LS (S oy S ) ol
M)ug@ﬁ,uoumdjuwmuéwémju
G dans Lol clmﬁ sadte gladbds Lo )5 asie
Loy (Sob dlasl 0350 oS @ 015 o sl 28 S ISK8
S dls a5 BB Gl gren Jsb oS o)l g at g o518
23 et g poiy p s Il slalledr (sl &S shailes ol
o e G 5 e e dalle (3B annd Lo sl ladus
ALY LY o sl o3 sdoms 53 G-5/Bs sla s o
SLaOLl 5l oslind pLSen Vgone oS s somin £ 5 ol >
S B e 3 e ol s BB b s (e b e
b e elas Lo 93 WBLE 1015 e L Q) 26 sk
[18-20] 3 505 Lymans oo 1 5 adsl o slzal
S dand b ol hes (a1 505 G-5/Bs (sla smis anlie
Gl 4o (555 a3l eslial 48 s e OLES 0 S 55
o Od) Sl Sl 3 Sy R e dle S 55
aor S1das e Gilysl 501 ((s/Bg)y) ole s ol i b
Sl bl gy e sleis o e SO ol b b Al
3 ol (8B S5 il cans abess S Wl e (8/Bg)y
S5 o b gl A0S el Oy Al e i 03 gdos
g Lol flSis 4 el age a5l 2,8 18 ealin
a5 s bty 4 Sty bl @l @l e O
S Ledden s oyl ps 5o Qu 2l Hlde Il pl b s
Sl el b S5 Lok o sl slasl s 4 d (558
e Sl b B SRl s s Ol e A S
G aand g |y o:ﬁc_.k..; ol sl )
SRS Sl WA SLs L ol a8 ,000 5 L S5 ol A
23 b odis (1) S 53 a5 shilen sy S Ly S 55
Sk Sdb s 0 L S8 B (S S gl ol
S = a sl el 58 i Bl 55 5 Sl
el ks gl Joe 53 s DI L S 2S00 0 Jled
sl il G ole 4l (SL e o ‘L’_}ffj L

OF e RSl 0 Jlb gl Sbt j5 1 S 55 S 5L 5,50



6533 030 (uwgd Ul 3 dumo by .bgh:'):uqobinchnggé‘udl" s)lgs 5o (w2

Ls.}}w-)u.j)&c)ﬁ&eMW(\Y)J&:)ASJ#L@ udmdf)hw}b(}d;-b,
Table 5. Bearing capacity of models

Obadl 55 sler 2 Gl Sl dob Llie 53 15 Qu )

Gla Je 53 Gy 55 L, CJJ S ool Q%‘ L3 sd n odyd ke Model q, (kPa) Model q, (kPa)
1 325 7 127
b =i g ol el i Dl (51 aed L ol s ) 193 _ 8 100
S8 Slrtad (SUiS 05 Sad b 005 ol 4 05 K s 208 %’ ° 108
) 3 4 149 3 10 90
ol @ sl 0 Ol Slisaes Jsb 205801 aS sl cos o 5 254 11 114
= 6 281 12 126
ol 3l (gl S L6 s 2S5l aS Slagldl s o
AP S 5 s AU glrolall s S 13 250 19 190
e b Ol sl Kl S Wl e (Sl sen Jsb) Jsb = 14 160 o 20 130
PR e > 15 190 g2 140
S e us"\r"“s 09— “-'—':5}]’ =5 b gl vs""':‘“s O ; 16 125 § 22 110
Sl S 1 0 S50 5 0Ll b 51 a e 0Ll e 17 205 © 23 150
18 225 24 175
o e TR .. . o 400 .
—2A— Geotextile —
S5 9D eme e St u_:l.;.}_ﬂ.a Jjb Ul as Las e 300 4+ —<—Polymer strip
el 13 sla S 55 5l b lie e 100 Eﬁf/JuA
o
f > glbwl>—Y-f o
S T AT A e 0
. . . .. 0 0.2 0.4 0.6 0.8 1
slagplaralr 5lolps Bl plralr maly o) oske & Lo/W
ij_m a— A esla_wl (AX/H) su_i G wL;— Slpmes Jsb Jlie 53 6ol b b it s, AY K
S ods e LVDT a leslinal L oS ol sls plrals Fig. 12. Variation of ultimate bearing pressure versus overlap

B L length of reinforcements
O3 gl dnd o 9 39 0k (6 Sl (IS L Jsb 55 Hles a

- Geogrid (Model 7)
P - & . - X . . v T Geogrid
- . grid (Model 8)
9 Y8 WY J_:&_:)AS wL_:ﬂ.A J—" aS 3‘)&."-5& rA\J:) l) Qb\A\ U'i( L@.:l _____ Geogrid (Model 9)
= = = Geogrid (Model 10)
= - = Geogrid (Model 11)
— — Geogrid (Model 12)
Steel strip (Model 1)
-------- Steel strip (Model 2)
----- Steel strip (Model 3)
7 . . . . — = = Steel strip (Model 4)
S50 4 > (P = al> L Lyl oA LD g = - = Steel strip (Model 5
S B e AT T A AN Gk BT L B shave 4.3 5 e VSR

~

0313 end Laglis)l ula b glaslses 4 Ll g ool oy u3lis

AXIH (%)
Upper half of the wall

sy 5 ol Sl 53 Olge 4 OF Gl 5yl 5 5Lid b
BAS e Sle 53 cpl Blie 53 Sles Sl plrals Sl s
AXH (b 1 1 odle ol 0 e3ls 0L (V) K3 55 oS
(%) [ s« A (6 S 03Il Cilises il e lg 53 50
sl w55 il DSl ppslie (ol it el L)

AXIH (%)
Middle half of the wall

E

Sl o @B G 4 Sl 5 3 L bl s Sl g 2

et Sty S 355 o sdalie (1) K2 s 65 boles ) E

)}k"w ':Jb S5 LAU""J}\JS S J )‘ﬁb Lf"’k} LSLAL;“:[;-A.:[?- 400 300 200 uvm. ‘ (] : 8 12 16
Pressure, q (kPa) s/Bs (%)

DS el b ot Sty (slasl s (61 Sl sl 5 sbsT &S
Sl —owe 3 st oo 4_]@1)&;"&@4.36(1%\) ol s sl
)!ﬁabik.&utu:)l

Sl o 53 [T] 555 0 0L LG ade lad (5l AX/H-5/B; Fig. 13. Response of lateral wall displacement versus footing
pressure and footing settlement at three different elevations

aw e ba eyl g 5lis s i a Sl b plrals @L\\'JS.L

OA



\f¢6 JLM sf O)LQJJ nY; 0)’3

23 Olyes (gwdige oole alowe

G5l p b g a5 L als S s S 1S L
STl Sl o gdoee lps 20 4 cd B L
L 50 30 Gas Olyes lal » 5 LT g zb 5l dos
53 Ls)jja;m/ulﬁu. s pr pladl 5l a3 (sl
ol 3 U i (sl o, Ll 5 i Sladew
035 iy Sllnil 355 o Jls Gl Si (Sl 0L
O o LSl s G M U5 e o 3 Uld 4
S Jeol A Ol g (ol (S G 5 s 55 s e

S e bl cnl s S5

(@)

(b)

Geogrid (Model 7)
444444444 Geogrid (Model 8)
..... Geogrid (Model 9)
= = —Geogrid (Model 10)
=+ = Geogrid (Model 11)
— — Geogrid (Model 12)
Steel strip (Model 1)
......... Steel strip (Model 2)
_____ Steel strip (Model 3)
= = =Steel strip (Model 4)
= - = Steel strip (Model 5)
— — Steel strip (Model 6)

J(c)

(d

SO ol 53 0 ey S350 5 B3I Sl IS5 i b5 NF K8
IAY (5574 (C[/f (¥ (A gbeais 5 Gl..ﬁ

Fig. 14. Profiles of lateral movement and connection load at
different settlements: (a) 3%; (b) 6%; (c) 9%; (d) 12%.

04

S ot Uy ot ol 51 6 555 e salie AX/H-S/B
Al 3 el 53 G o et 5 S s el
OF) JSodms o iy 0,8 e S0 Sl spibcd b s
b il e syl S0l 3 salind 8 dns o 0L
et el $55 gl w5k sl sl eslinal 5 Lo gan
s ol A a3 oAl ol e e A | et el
o an iy LO slia 5 at s Sl liS g 48 S ey &S
NG S i e odlinad Laolall (e 151 L
Syhig bas Sl sl 4 sl 5 ol

s sl L s gl Sy pie
35 45 shilen 3508 blinad (1F) S 51 055 e o Cmglasily
o S5 edd s Lol 4 g e AXVH-G gla e
ORIB sl p oS RIBIL Sl alr s e sdalie
Qu 4z sl = olad &8 Sles Sy o 1581 pl 5 b o
Il sy ) b e aalsl Olizean (S o 3 5 )y 0
Bl sl Sl A0S ST Sles Sl plrals
b pssse ol Jods Aol e al ooty ey ol
DLt Odem) Sl ey S s 6 5 S 2 Ol s
Ol 4 Cdls Jlgs Som 0l i) oS CS > 5 Qu 4 sl f
S PRSI U L TR
b plralr 5 edd ol blie bl s Caans s Loyl 5
Oy Sl g (57 O okl ol &S (655 4 clij oo 03, 5 ]
4l aalsl Oloman 0T (28l 5 ST e 4 byl 5 L3
ol s e Ll il plamlr il e
a5 sl olas Gl o s a bl ol plrals
Sl sl el oleals Izl sdas 0Lz O J..Ats (,K;A
Al e sl

el Sl s e sdalia VF IS5 55 oS il
Ay o O3 S 5l 2 aS Ay ey sl Jay
5 Sl glaand oo ol Hlgs Bl Ced (pl s plralr
A el el il (BSL sb sl GBS
GMHSLL i ) iy 4y ol Gle cand B S
o=l s s e Caglie CupE g 35l e At 5 SU
BEYY WS RUUIES J PP RS IIGI R P g st Dl 5l e
T 25 3l Saedly 0L 6;5J5w 4 Ol5 o 1 sl Jaws



6533 030 (uwgd Ul 3 dumo

...Lg&).b,h:’)hqobk«g%Q%éudlé&b)lxbb)ih:w)g

oLl g3 55 2 Sl Ad el (V0) IS s 1y 10
b o Lo RIBI L (B o IS 4 (A H)max s
Lol b sbe 53 (AX/H)max a8 Th S ol nll
Ol nl 23 G5 Ul b edd o 55 sla Jobe 51 1S 4 853
Sl o i Lel o opline Cilises lacndd 3 Jals
SPY S S e 5 S5 L ea a8 s sladus
sy ol ool sen dsb Jill aslsl b 5,51 5 Ao 0F
Sl aS ey o 0Ll pldd K jeS ool 4 alS
e SOl il Gllses dsb Lo 4 ol glaslge
i LS Sl il s sl Sy 5l Ll oS e
Al s bl
2 @G0 plralr Y-F

S b 5 SLs el (55 0 Lo Sl 5 cants
Al e oS s (slanal U (sl ST i (0SB (518
MU e T Sy sl (83 e ek
o stasls BTl 0l PBlas 4 gl oS ol sre 01 )
Slaslns 5 S b IS0 2k S0 la el ol o 5Y
s 5 Shal pyshine pl gl Lpd plulid iy 4 ety
oLl b OIS ,L o 3 badie 5 S mhans (655 0 sl
e 3 S ks gla O 3 el s LVDT Sl S
Glrints 3 5 SLS mh K205 Sl s 2 e S
A osdla 5 La sl 5 o e s el o slie ccilisee
35 45 Llods &l (V8) K2 5 ool s Ay/Bg (sla Lb s
(e L) ol 4 55 5 (- oadle L VL w5, JS s O
S s iy (Selp Ol @ o a4 p S e
Pyt

@_ﬂdswdﬁmﬁéz\sowub&ijgj&éjﬁ
Cnb e Gldpran Jp b b g B b 4 S
L U oml ol 53 s Ol g5 5 sy s (sl
JSs s a8 el il Jatea sl s Rl
Cls slaslss 5 S cla..ﬂ 53 SaVb s e edalin (VF)
bl 5 i b pled oS ol s OGI Sley L iy
S S s il o fuate oo 4 55l ls 4 b Julie
J=b = gy Gl Sleslinal b jlps O, 4 o) &S >

Sleslial S das s 0L (1Y) I3 s AXH sla L
Sl (gl aellS ol SO S s a0l
J ol ol i ol blize slales Bl sla _sbrals
oslial fia s Sl ) 4S5 sy 3 gy atesly LOWL 50T &
S S GLdigan dsb 2815 izmen 5 sl SLaOL)
Cp e 35 e sdaliie (VF) IS 55 4 pailaa i
AD ialS U Uyl JolS Jlasl g bogy e Jom ol cpl i S
bl L il ol cd Gl ol s s sds s
Ao PA VY s s 5 an Ll oYL 5 ol sleass
Blas o KusS 5l bajlgs oS golulas L bl il rals
Slanil s 5La OLJI 31 ealinal o8 Cosline O () o
SLOLIL plajles o bl b plralr s ¢l 240
Ll pascie Sl g dsb b olasles 51 Sl s

S A o 0L (OVF) IS o plralr le Jdy  anclie
e SLa 0Ll 3l eslizal b K, blite sl sl Sl
Sz 5o 1y Bl gls plralr 550 55k 4 Ll 5 o anu sy
Sleslecal U slaasls fals plidas fall ol 4 oy
03 5 Ay o Sl 4 lachs, <=LN" BER P c:l.,d soldl
o3 W) 5 o3 PA S e ol 5 s sladis
A i slaslns (b se dLail Lt (8 o510
5 S5 L el dms slajlsn 5o 5 CiL Al plrals
4S e oA Ao wy Ao s Ve 5 PY S 5w bl
il s Lacios, (5 55 ey s lelad) 5l oalinl
Lol gs JolS Jlasl o310 4 ad 3o oy poo a0 ilize (sla g
e S ) o 38 e Ll ol e S s
Ao g lgladl 5l eslanl (alf.ua Dles sl als s jals &
o ol Olis (il Ctl_.ﬁ.J slaoldlL sladue s
e il sy bl sl dlasl )T S e
ol i gy e L u{uow\ 3l eslaal CK..A
sl LS ) b Lo Olall g5 (85 i s Cpasl
il e e Jlize slal s dlasl il

J= ol Glasen sb Rl 58 e sdalie &S b Oles
Dy Sy Sy Ll il il a6l o o
Job o slms Sl pbrals Sl iy 003 G, ¢l

B Y L;LAM BL) Lo J.:u.a BE (AX/H)maX Q‘Jw&? c&uw



\f¢6 JLM sf O)LQJJ nY; G)’é

U030 Ol s (qwdige oole alowe

Sl Vs 5 Yol sl ol 685 ams 53 5 Sillal
| P ] 0 P WA VR P v (N2 ST S 3 | P Wt
3 i Bl mds e 0Ll 5l esliul 45 @3 8 ams
SoS s Sl Jom ol 53 KasS Sl lasls (s3lalir pioen
GS3 gam S Al o sl 5 BB 5 SI e S5V
AT ol S Ol a4 clis Sl g Jgb 51 eslinal
e ol as gLl e gl 5 O bI s cois fals (gl
25 a3l 5 S SS L edd s sl Jube 61
Lol 55 o oly ool das po OLES 45 0 5,50, /YO 5 %

il gy S 55 5 0 dd sl Sy 4 iy

s SOl ul; 55 0dd gy 555 - F-¥
L e GlaOladl JLal Joee 55 o s (S5, (e
s b rdes Ll Sl s oS sl (To) 4,
T O A U IS P ORI B PP RN AR B
SLaslss 53 o e S Glajlgs 5o Jlail (g5 0
Sos 8 s oo OLLS 3 95 Sl (gl oy L, &5 il 4 2y
DLl g ol 3 eded g S5 sl cnl 8l
O ok e Slagis 58 Sl ealinal b (S L e 5o il
5855 S5 LT bl e 4 s (68 o3l 4y, 5 T
Dl (§5,5 1 ras) f Sl imen 5 ks OLI 2l
JSa o 8/Bs Hlaie jlgr s Ladde aen sl 5 To sla L5 5
e s e s Sme aaly S 35 s il ol £ (VF)
g a0l 55 0l s (65,8 5 Ll Sl plrals
il (IF) IS sls s s avglin 51 68 ol (1 ol
St G S S5 3 b aS s e UL aglie (5
o o=l 2 (5 Sl il Gl GBS i 50
S YalS sk Sl Ao 3 elody pl 5550 e e dalie
slaolal s, Shas 55 Ol o0 1y ooy ol Cle 353 0 OLLS
o Ll 5 ey Slided 5o oS shilen 5 ged e s
s e s S s Ko 53 Lo IS5 ki el ok
SIS 05l mled GLOLIIL & L5 o Rl X5,
Rl S SS g8y (b jie (S028) (SoL s b ail el
PS5 s Sl Sl sl Oladl B o sy 50

)adwfulj_?wkﬁlju:j&@u]): eJ«i@M,{LS_}J:.;

4
—&— Steel strip (a)
g 3] —o— Polymer strip
ot —A— Geotextile
£ 2 —e— Geogrid
T W
3 A—

4
€34
g = —>
E o ]
i\ 2 E\N Lo
P
s . _)\B\E
(b)
0 " " " 1 " " " 1 " " " 1 " " " 1 " " " |
0 0.2 0.4 0.6 0.8 1

Overlap length of reinforcements, Lo/W

SO Slasan Jsb U s a8l gla IS8 s Ol ess Ly, N0 K
N0 (& 5 Y (A glacidis s ks

Fig. 15. Variation of maximum normalized lateral displacement versus
overlap length at two different footing settlements: (a) 3%; (b) 15%.

QD

~—~
~—

Ay/Bs (%)

-4

S
v
QA
=~
>
4

'
[oe]

[uN
N

J'> o
Ay/Bs (%) @

'
(o]

—
N

5 o S K2 s VP S5
JAANCRYAN (C g8 (O Iy (WDglaciis s

Fig. 16. Normalized profiles of backfill surface deformations at
different settlements: (a) 3%; (b) 6%; (c) 9%; (d) 12%.



6533 030 (uwgd Ul 3 dumo

...Lg&).b,hé)&.qobinqd»iq:Q%&JG&Mﬂxbb,ﬁl«:w;g

JS s e cld 5 s el glalll Gl 5 SB g
G Sl pd e edalin 4 ) shailes .ol ol €511 (1Y)
Laoldl 3l esliul U s glaoladl ol 55 s s
ol b i Gl gan S (I 20 il
Sl Jyb U ylms U 5 Sl Lol s 2als

Aoy Lo 3 VY 50V 4 5 5 4 0.6W

& S 4o =0
O g by 233l G opl Sl edal o = ol
13 303 A1) Gaios ol ol slaasil Ol g 4
e Lisha C:LM.S slaoldl L e.\.icl._p slaylgs anslie -
Sl e b oo 5o mdd Oladl s A4S sls 0L
b bl gl opl by ol S L 0T JaS500 51 ri
clsl sl an las Olge 4 e Ll e L 0k
.:;)\}JEJJ&:@L,JQLJ
Lol 53 5L mds slaoladl U oS s aalie o
slaoladl 5l i 0L S b o ¢l iy 4 ey
RGSOOH ] L2 C,L,.J
s lan] C:L..; SLoldl 3l eslitul ax S1aS A asia o
S b RalS sl (Sl gl S i el
So s RS 53 s A bl gd e bl 5 0k

.,bL«.:L;d L‘uﬁ‘ C:.L—-; éLauLJ\ B ol c:.wa

—&— Steel strip (s/Bs=3%) --0--Geogrid (s/Bs=3%)
—&— Steel strip (s/Bs=15%) - e - Geogrid (s/Bs=15%)

200 =

—lw
150
«> ¢
Lo

0.8 1

T oslendl 5 Slisen Jsb Jlie 53 Jlasl (5,0 Ol ess Ly, Y K3
p (o prion (Al iy, Gleldl 5o 15 V0

Fig. 17. Variation of connection load versus overlap length for: (a)
8th reinforcement row; (b) 2th reinforcement row.

5Y

Sl plralr G pesSes daly Sl Sl
3,05 555 deed Gladbadl 3 ol s (55 5 ol
e odalin 50 (V) 1SS 55 oS £ Silan

Tt e 5 Lol il 5 s To (Sl
2O b mded Glallall SB35 sy 53 59,00 s S
S &S s o 0L Ty sl L3 g 5 .3 g0l sdaline (V) Ko
gLl Sals Lyl 4 e laledl ol s ek e
sladidos Gl i Fan mals A ol Al e el
s A Sl s b S 85 5 6 aas b edd iy 5
\)@L...: Ol B slacis,; Coeal ASJ.:J)‘)TJ..J Loy £Y
4 s e Ol (.jlé SSLL Cow s w4 s slagles o
25 e laoll ol s eas T S Oy Bl
23 e aad Oe Ges 4 Ol o b WPledl sy 0 5 ol
T ol Jus @ sles s las sl ol Sl s g5l
SLaolal 5l eslial el o Cnilon limd slaolodl s 5,0
235 45 2m 550 el 53 Glagen Job (R 5wt
oy C:L_..SLgLAQLAJ\/uj)); oA o (S35 Cl eSS 8
G dand Lol cl.No slasles ot 4l CL&J)\ 31zl
SR PR

Sl ol pL&n DLl aly 53 0dd e S35 S0
A e 5 Gl gan Job 2alS 5 pdilanl glalled)
oSS e s pled 53wt s Lol 3l eslial (S Ol O
S asior iy s edalin To sla Ly 5o &S 55 5,500
33 e Jlail 51 55 mdas SOl 3 0l s (550
5l by i ol Sl e s Ll Uy Ll i
Lyl 51 50 5L co iy w g slalss gl 0L
Shesleal = 5,0 bSOl e [B] 550 ol 2018 L,
S o5 a3 Lol (T 4 als iy Gllasil slapldl
03 LS ool d e 35 et s SLOL! S eslizal (s
oy AL s Sk w4 as S e SBS Sl o,
i Vome Sl slaoladl Ly alalges s ks slaolell
o2 4 GOl L Slajles 5o 5 Aoy PY L ol Jlde oy 2eS
2 Lo dgb oy a3 AD L Sl 2t i sy
sy el ol OS5 ey Sl g IS LS 2als ol



\f¢b dl.u) sf O)LQJJ nY; 0)’3

o3 Ulyes (pwdige ool alone

e’t.a oo

52 e (2ol a5 S 45 Wsls e el D8 5

S5 s e cnl el L BL3 |

Sb s

RGO PN A Fio| JMLA JL& CLA )\ v U'i‘ tl;u‘ BE

Esan g adily

W\J_:bdjuf«)& c.).:jj;)JASJuJ‘JL;d ry\ﬁ\ QKM};

ol s osla il opme Spa (5,58 L 5l &jf@a)'l s

]

References

(1]

(2]

(3]

[4]

(5]

6]

[7]

FHWA (Federal Highway Administration), 2009.
Design and Construction of Mechanically Stabilized
Earth Walls and Reinforced Soil Slopes. Vols. 1 and 2.
FHWA-NHI-10-024. Edited by R. R. Berg, B. R.
Christopher and N. C. Samtani. Washington, DC,
USA: Federal Highway Administration.

Chauhan, V.B., Srivastava, A., Jaiswal, S. and
Keawsawasvong, S., 2023. Behavior of back-to-back
MSE walls: interaction analysis using finite element
modeling. Transportation Infrastructure
Geotechnology, 10(5), pp.888-912.

Attara, S.K. and Balunaini, U., 2025. Modelling and
Analysis of Back-to-Back Mechanically Stabilized
Earth Walls under High-Speed Train Dynamic
Loading. Transportation Infrastructure
Geotechnology, 12(5), pp.1-25.

Lo, S.C.R,, Li, S.Q., Gopalan, M. and Gao, Z., 1996.
Analysis and design of a tied back-to-back
geosynthetic reinforced soil wall. Journal of Southeast
Asian Geotechnical Society, 27(1), pp.37-50.

Won, M.-S. and Kim, Y.-S.,, 2007. Internal
deformation behavior of geosynthetic-reinforced soil
walls. Geotextiles and Geomembranes, 25(1), pp.10-
22.

Kazimierowicz-Frankowska, K., 2005. A case study
of a geosynthetic reinforced wall with wrap-around
facing. Geotextiles and Geomembranes, 23(1),
pp.107-115.

Anubhav, S. and Basudhar, P.K., 2011. Numerical
modelling of surface strip footings resting on double-
faced wrap-around vertical reinforced soil walls.
Geosynthetics International, 18(1), pp.21-34.

sY

Seslin ol Ly SasG an Jolie 5l 53 i Jlail o
o S S el elS bl 5w eked (sl
3ot Sl s oWl Ol 0 S 5 (n e oS
o iy Ll IS xS e 5 0k b

5 5 a3 Ol 93 ol Sleslanal LA sLul

Y

JM}ST’:CL’L-":' 6udl_»j\)\ oalazul (&ﬁASMoMLJw °

o Gl YL aas s e 4 Sl s Jsb Rl

SLaOladl 53 odod e (S & sl 5 LS Sl st

OB hy 35 Sla, 8

53 3 ol (gle3 ) Slallas iyl slacsla 3l

(8]

[0]

[10]

[11]

[12]

[13]

[14]

[15]

g G g ol sl skl

Vadavadagi, S.S. and Chawla, S., 2023. Effect of rail
axle load on geosynthetic reinforced back-to-back
mechanically stabilized earth walls: Experimental and
numerical studies. Transportation Geotechnics, 38,
p.100907.

Han, J. and Leshchinsky, D., 2010. Analysis of back-
to-back  mechanically stabilized earth  walls.
Geotextiles and Geomembranes, 28(3), pp.262-267.

Zheng, Y., Li, F., Niu, X. and Yang, G., 2023.
Numerical investigation of the interaction of back-to-
back MSE walls. Geosynthetics International, 30(4),
pp.382-397.

Sravanam, S.M., Balunaini, U. and Madhav, M.R.,
2019. Behavior and design of back-to-back walls
considering compaction and surcharge loads.
International Journal of Geosynthetics and Ground
Engineering, 5(4), pp.1-17.

Sravanam, S.M., Balunaini, U. and Madhira, R.M.,
2020. Behavior of connected and unconnected back-
to-back walls for bridge approaches. International
Journal of Geomechanics, 20(7), p.06020013.

Xu, P, Yang, G., Li, T. and Hatami, K., 2021. Finite
element limit analysis of bearing capacity of footing
on back-to-back reinforced soil retaining walls.
Transportation Geotechnics, 30, p.100596.

Rajagopal, G. and Thiyyakkandi, S., 2022. Effect of
reinforcement stiffness on response of back-to-back
MSE  wall upon infiltration.  Geosynthetics
International, 29(4), pp.409-425.

Wood, D.M., 2004. Geotechnical Modelling. Version
2.2. London: Taylor & Francis Group.



6533 030 (uwgd Ul 3 dumo

...Lg&).b,hé);mgobisq%Qﬁdqgcl.udlégsuﬂxbb,{la&w)ﬂ

[16]

[17]

(18]

Goodarzi, S. and Shahnazari, H., 2019. Strength
enhancement of geotextile-reinforced carbonate sand.
Geotextiles and Geomembranes, 47(2), pp.128-139.

Abdelouhab, A., Dias, D. and Freitag, N., 2010.
Physical and analytical modelling of geosynthetic strip
pull-out behavior. Geotextiles and Geomembranes,
28(1), pp.44-53.

Consoli, N.C., Rossi, J.G., Festugato, L., Ruver, C.A.,
Scheuermann Filho, H.C., Foppa, D., ... and Leon,
H.B., 2019. Circular-plate load tests on bounded
cemented layers above weak cohesive-frictional soil.
Journal of Geotechnical and Geoenvironmental

[19]

[20]

Engineering, 145(10), p.06019011.

Saha Roy, S. and Deb, K., 2018. Closely spaced
rectangular footings on sand over soft clay with
geogrid at the interface. Geosynthetics International,
25(4), pp.412-426.

Xu, Y. Yan, G. Williams, DJ., Serati, M.,
Scheuermann, A. and Vangsness, T., 2020.
Experimental and numerical studies of a strip footing
on geosynthetic-reinforced sand. International
Journal of Physical Modelling in Geotechnics, 20(5),
pp.267-280.

Yazdandoust, M. and Daftari, F., 2026. Investigating the performance of back-to-back
mechanically stabilized earth walls as railway embankments using physical and numerical
modeling. Modares Civil Engineering journal, 26(4), pp.47-64.

[=]:

S s gl Alia oyl 45 434
w0 gl ol & 4is8

=

Al



	1- مقدمه
	2- مدلسازی فیزیکی
	2-1- هندسه مدل
	2-2- اجزاء مدل
	2-3- چیدمان اِلمان‌های تسلیح
	2-4- ساخت مدل، ابزارگذاری و بارگذاری

	3- مدلسازی عددی
	3-1- فرایند ساخت مدل‌ها
	3-2- صحت سنجی
	3-3- ساخت مدل‌های عددی با تسمه پلیمری و ژئوتکستایل

	4- نتایج و بحث
	4-1- رفتار بار-نشست
	4-2- جابجایی جانبی دیوار
	4-3- جابه‌جایی قائم خاکریز
	4-4- نیروی بسیج شده در رأس اِلمان‌های تسلیح

	5- نتیجه‌گیری
	قدردانی نویسندگان
	تعارض منافع
	سهم نویسندگان
	منابع مالی
	بیانیه هوش مصنوعی
	References

